Abstract: Diabetes is a chronic metabolic disease which can lead to numerous complications. One of these disturbances is cognitive function impairment. A group of 62 patients with type 1 and type 2 diabetes. There is a correlation between certain clinical features among diabetic patients and cognitive functions. Negative influence on cognitive functions have a higher level of total cholesterol, a higher level of LDL cholesterol, a lower level of HDL cholesterol concentration in the blood, a higher level of glucose after meals, a higher level of basic insulin dose and insulin dose taken just before the examination, longer duration of the diabetes and a lot of hypoglycemic episodes. There is no influence on cognitive functions from glucose levels before meals, the type of the insulin therapy, or the number of hyperglycemic episodes and value rate of hemoglobin HbA1 C .
Introduction
Cognitive functions are psychological functions human beings need to be knowledgeable about their surroundings; it allows the opportunity to gather information about oneself and body, analyse the situations, formulate conclusions, and make right decisions or to function. These include perception, imagination, attention, learning, memory, executive functions, thinking and speech [1] [2] [3] [4] [5] .
Diabetes is a chronic metabolic condition that has many factors that contribute to its occurrence. It is characterized by chronic hyperglycaemia with the disorder of metabolism of carbohydrates, fat and proteins as a result of giving off defects and/ or working insulin. Diabetes can lead to permanent damages, dysfunctions or failure of different organs [6] . Relations between diabetes and cognitive functions have a interesting nature about them. There is no agreement about the intensity, range and type of cognitive function changes which can be the effect of the diabetes. International Classification of Diseases and Related Health Problems Review 10 (ICD-10) [7] includes a group of disorders labeled as F0X which compares with "Organic mental diseases with symptoms set" This class recognizes mental disorders caused by physical diseases such as diabetes. Some researchers distinguish endocrine systems disturbances with disorders that contribute to degenerative and dystrophic changes in central nervous system [8] .
The aim of the study was to assess the relationship between several clinical features of diabetes and cognitive functions among diabetic patients.
Material and Methods
The group of 62 subjects were individually examined. Those who took part in the investigation (aged from 18 to 55) were divided into two groups: patients with type 1 diabetes (n=31), patients with type 2 diabetes (n=31). An average age of all subjects examined was: 39, 85, standard deviation (SD) = 11, minimum age = 18 and maximum age = 55. The number of examined women and men was equal (n=31). 12 patients (19,35%) have diabetes for one year, 25 subjects (40,32%) -till 10 years and the other 25 subjects -longer than 10 years. The family history concerned diabetes was negative.
In the examined group there are more obese patients (BMI is between 27 and 40, n=25) and overweight ones (BMI=25-27, n=13). These patients belong to 60% of all the subjects (38 people concentration as directed by Polis Diabetes Association (≤ 6,1% -≤ 6,5%,). The rest of the patients have a higher value rate of hemoglobin. Twenty examined patients did not have any episodes of hypoglycemia one week before the examination, 12 patients had severe episodes, while the remaining had gentle episodes (30 patients). There were no night episodes. Nevertheless, 59 patients had the a hyperglycemic episode one week before the examination period.
All examined subjects take insulin therapy. A conventional, less intensive method of therapy (self administration of two phase insulin analogue twice a day directly before breakfast and supper) is used by 12 patients, a more intensive method (self-injection of fast acting insulin analogue directly before each main meal and one basal insulin injection in the evening) -40 patients and personal insulin pump -10 patients.
In all examined groups the including criteria were followed: presence at the moment of the examination diagnosed of diabetes type 1 or type 2, age 18-55, a written assent to take part in an investigation, a lack of psychoactive drug addictions, no accompanying mental diseases, no accompanying physical disorders which have negative influence on cognitive functions, and no head injuries. Patients were treated according to the procedures of this Department. The authors did not interfere in the diagnosis or in the treatment course. The examinations were taken individually by each patient. Medical data, concerning diabetes type 1 and type 2, were obtained from the patients directly, from the physicians and from the medical documentation. The patients were examined in the morning after taking the first dose of insulin.
The selection of the examination was random. The patients took a decision about the examination as soon as they were introduced to the objective. They were also assured that the participation is voluntary and all the personal data and later results will be used only in general juxtapositions. Every examined subject had to write an assent to take part in an investigation according In the research were used following psychological methods:
Personal Questionnaire 1.
-it was created for the examination. It was used to gather the demographic data about the patients and the information needed in the research and was important from the point of view of patients' cognitive functions.
Wisconsin Card Sorting Test (WCST)
2.
-it is used to measure the proficiency of operating memory and executive functions and the ability of problem solving. Low results obtained in the tests show as follows: disorder in abstract thinking, a lack of flexibility in thinking and disability in reacting properly on quick stimuli from the surrounding [9, 10] .
Trail Making Test A & B (TMT)
3.
-it consists of two parts, A & B. In the first part, the patient has to join the numbered dots from 1 to 25. In the second part, the patient has to, as fast as possible, join alternately the dots with the letters of the alphabet, e.g. 1-A-2-B-3-C-4-D etc. The A part examines the psychomotor speed, the efficiency of visualmovement coordination. The B part is used to judge the visual-spatial operating memory and the ability to switch a new action after we have just learned the rule how to react [11] .
Stroop Color-Word Interference Test 4.
(Stroop Test) -it is used to examine the verbal operating memory and the effectiveness of the attention processes. It consists of two parts: RCNb (reading color name in black) and NCWd (naming color of word-different). In the first part, the patient has to, as fast as possible, read the name of the colors, which are written in a black print on the white paper. In the second part, the person has to, very quickly; name the colors of the print of the given words. The colour of the printed word is not the same as the color itself [12] . Verbal Fluency Test 5.
-it evaluates the ability to create and to speak words fluently according to the recommended criterion. It is made up of 3 parts. In the first part (so called "a letter part") the subject is instructed to give within 60 seconds, as many words as possible (a letter category) -beginning with a letter "k". In the next stages, the subject must name the words which belong to a semantic category: animals and sharp things. The result is the number of appropriate words spoken in each part of the test [13] . Łuria's Test 6.
-it is the trial which evaluated auditory memory, both short-term and long-term and the effectiveness of learning processes. A list of 10 words is presented. A patient has got 10 trials to learn these words. The words are read by the researcher and the patient repeats all the spoken words. After 30 minutes the presented words are performed once again [14] . The test results are: the number of words repeated in every trial by the patient, the number of words repeated after 30 minutes' break and the value of learning index (LI).
Raven's Matrix Test 7.
(TMR) -it measures the ability to spot and the appropriate abstract thinking. It consists of 60 matrixes which present single figurative systems or sets of element of different system. They exist in logical sequence. The patient has to complete the missing parts according to the logical rule [15] .
Symbol of Numerals (Test of Nonverbal scale 8.
of Wechsler Adult Intelligence Scale-Revised, WAIS-R) -it is used to evaluate the abilities to learn new skills, visual memory and visual-motor coordination. The subject is asked to find the connection between the symbols and the following numbers (from 1 to 9). Speed and accuracy are evaluated [16] . Indicators of cognitive functioning which were analysed in the examination (dependent variables): attention (intensity, durability, divisibility, selectivityStroop Test and TMT), visual and auditory memory, Independent variables which were taken into consideration: a diabetes type, a duration of the disease, indexes of diabetes compensation, body mass index (BMI), a type of hypoglycemic therapy and everyday dose of taking drugs, episodes of hypo-and hyperglycemia (number) during the week before the examination.
Results
There are some results which were elaborated by the use of STATISTICA version 7.0. Demographic and clinical characteristics were compared with the use of the Wilcoxon rank-sum test to evaluate the differences between the treatment groups in ordinal and numeric variables. The relationship between clinical features and neuropsychological performance was examined using correlation (ρ-Spearman coefficient). The significant results of these tests are presented in tables.
The Body Mass Index (BMI) and the level of total cholesterol
Statistical analysis (Table 1 ) revealed the significant dependences among the BMI and cognitive functions. The higher BMI has an impact on higher effectiveness of abstract thinking, the speed and the efficiency of visual-movement coordination, visual-spatial operating memory and executive functions, the effectiveness of visual memory, the ability to learn, verbal fluency, longterm auditory memory and attention processes.
Higher total cholesterol concentration ( Table 1) is connected with the decrease of the correctness in verbal fluency, short-term and long-term auditory memory, proficiency in learning, the efficiency and the speed of visual-movement coordination, visual-spatial operating memory and executive functions. Statistical analysis did not show any important correlations among BMI, total cholesterol level and taking WCST.
HDL (high density lipoproteins) and LDL (low density lipoproteins) cholesterol concentration in patients' blood
There were not any relevant statistical correlations among HDL and psychological tests. Nevertheless, higher level of LDL cholesterol is connected with the reduction of the effectiveness of taking two tests. Thus, the effectiveness of auditory learning and attention processes is falling ( Table 2 ). The correctness of taking WCST is significantly reduced while at the same time LDL cholesterol concentration is increased in the patients' blood. As far as HDL cholesterol is concerned, the correlation is connected with two indexes of WCST: the defeat in keeping the setting and the index of learning. These results show the deterioration of patients cognitive functions in the range of operating memory and executive functions.
Value rate of glucose level after meals
Important statistical dependences were observed between two tests and the value of glucose level measured after meal (Table 3) . These data show the weakening of the effectiveness of abstract thinking, the speed and proficiency of psychomotor coordination, visual-spatial operating memory and executive functions among the patients with higher glucose level after meal.
Value rate of glycated hemoglobin (HbA1 C )
Statistical analysis shows the lack of important dependences between the level of HbA1 C and the results of the tests taken in the examination. It can be stated that among the examined population there is a lack of correlations between the index of diabetes compensation and the patients' cognitive functions.
A type of hypoglycemic therapy and the duration of the disease
A type of insulin therapy used by the patients does not influence their cognitive functions. A long duration of diabetes lowers the effectiveness of abstract thinking, verbal fluency and the effectiveness of attention (Table 4 ).
A basic dose of insulin
The value of a basic dose of insulin has a negative correlation with the correct doing of several tests (Table 4) . The results show the weakness of: the effectiveness of abstract thinking, the efficiency and the speed of psychomotor coordination, visual-spatial and verbal operating memory and executive functions, shortterm auditory memory, visual memory, the effectiveness 
TMR -Raven's Matrix Test, TMT -Trail Making Test
of learning and selectivity of attention among the patients who take greater doses of insulin. Statistical analysis depicts the lack of relevant correlations between the basic dose of medicines and the correctness of WCST.
The number of episodes of hypo-and hyperglycemia (number) during the week before the examination
Statistic analysis revealed the deficiency of important correlations between the number of hyperglycemic episodes during the week before examination and the patient's cognitive functions. The higher number of hypoglycemic episodes accompanies the reduction of: the efficiency and the speed of psychomotor coordination, the effectiveness of operating memory and executive functions, verbal fluency and the effectiveness of learning (Table 5 ).
Discussion
The observation reveals that higher rate of BMI correlates whit higher effectiveness of cognitive functions (Table 1) . These results are surprising because, as the specialist literature show, the overweight and obesity, which may be the problem for the patients cured by the method of multiple insulin injections and the diabetes type 2, are the risk factors of many complications, mainly cardiovascular diseases [17] . Moreover, people with appropriate body mass have got a better metabolic control than the overweight or obese patients [18] . The results are similar to those of Elias et al. [19] . However, they only observed the negative correlation between the obesity and cognitive functions among men but not women.
Total cholesterol concentration and HDL cholesterol concentration in patients' blood is only in small degree connected with cognitive functions (Table 1 ). The increase of LDL cholesterol concentration is associated with the decline of: effectiveness of learning, the efficiency and the speed of psychomotor coordination, operating memory and executive functions ( Table 2) . Similar results were presented by Kwiatkowska et al. [20] . What is more, some authors say that higher level of total cholesterol level in patients' blood is connected with the weakness of memory and attention processes, verbal fluency and the reduction of time reaction [21] [22] [23] [24] . It should be remembered that dislipidemia may lead to atherosclerosis and as a consequence to many Table 4 . The ρ-Spearman's correlation coefficient for duration of the disease, a basic dose of insulin and cognitive functions. cardiovascular disease. These diseases may contribute to worsen the diabetics' cognitive functions [25] [26] [27] .
TMR -Raven's Matrix Test, TMT -Trail Making Test
The outcomes of statistical analysis reveal the lack of import ant dependences between the glucose level before the meal and the patients' cognitive functions. However, when the glucose level after the meal (Table 3) is higher, it decreases. The personal observations are not accurate to others. Some authors [28] [29] [30] [31] [32] emphasize the positive influence of glucose on brain functioning.
The relationship between the level of diabetes compensation and the patients' cognitive functions was not observed. The level of HbA1 C has a great meaning in preventing cardiovascular diseases among patients [33, 34] . Improper control of glucose level may lead to far complication and as a result to increasing the mortality rates. This issue seems to be significant because one of the main reasons of cognitive impairment among diabetic is the appearance of vascular diseases, especially hypertension (mainly in the diabetes type 2) [22, [35] [36] [37] .
Similarly a type of insulin therapy does not influence the level of patients' cognitive functions. Nevertheless, as the table 4 shows, the increase of the insulin basis dose taken by the patients, is connected with the reduction of appropriate abstract thinking, the speed and the efficiency of psycho-motor coordination, visual-spatial and verbal operating memory and executive functions, short-term auditory memory, visual memory, the effectiveness of learning and the selectivity of attention processes. As far as Okereke et al. concerned [38] , to high level of insulin can have a negative correlation with the proficiency of cognitive functions, even in a group of non-diabetic. Too high concentration of insulin in blood serum decreases the sensibility and density of insulin receptors on the cells' surface which has a negative impact on insulin action [39] . A higher level of insulin is connected with the weaker results in the scale of MiniMental State Examination and with the reduction of the effectiveness of long-term memory. Insulin treatment has also a negative influence on the efficiency of visual and verbal memory [24] . Moreover, a higher level of insulin in patients' organism correlates with a higher number of hypoglycemic episodes [7, 28, 30, 31, 35] . On the other hand it is known that the quality of life among diabetic patients is rather low and it may have negative effects on their education [41] .
Personal examination support the literature coverage which shows the dependences between the duration of diabetes and patients' cognitive functions (table 4) [37, [42] [43] [44] . Probably these dependences are the result of not only the metabolic disorders products by diabetes but also gradually intensified involutive processes [45] [46] [47] [48] . In the previously mentioned researches by Derkacz et al. [49] people after 50 obtained worse results in all cognitive tests used in the research, whereas the cognitive deficits among patients before 50 were much smaller. Moreover the dependence between the deterioration of cognitive functions and the early moment of the disease appearance and its duration was noticed [25] .
Personal observation and the statistical analysis show the lack of important dependences between the number of hyperglycemic episodes and the patients' cognitive efficiency. However the number of hypoglycemic episodes is associated with cognitive functions (Table 5 ). The received results are not explicit but they are similar to those in the literature. As far as episodes of hyperglycemia is concerned, there may be some defects of active transport through the barrier blood-brain and cell membrane of neurons [23] . As a result it may cause the decrease of the efficiency of visual perception, concentration and the effectiveness of memory processes [50, 51] . Chronic hyperglycemia may also correspond with the improvement of cognitive functions [24, 52] .
Hypoglycemia causes different clinical symptoms. Long lasting and frequent hypoglycemic episodes may damage the central nervous system and change the brain circulation [35, [53] [54] [55] [56] . Acute and chronic hypoglycemic episodes are connected with the reduction of cognitive abilities and patients' time reaction [24, 57] . The patients whit diabetes type 1, as a result of hypoglycemic episode have a lower abilities (in comparison with health volunteers) to remember and recognize the patterns. What is more the effectiveness of attention processes, psychomotor coordination, the speed of solving the arithmetic tasks, the ability to distinguish colors, the ability to find the way out in labyrinth and the effectiveness of short-term memory decrease [54, 58, 59] . Inductive acute hypoglycemic episodes correlates with the reduction of attention selectivity and the speed of transforming the data [57] . Wysocki et al. [60] highlight the reversibility of changes in patients' cognitive functions which were caused by hypoglycemic episodes. However frequent hypoglycemic episodes decrease the quality of patients' life and the effectiveness of everyday functioning [53] .
In conclusion a specific cognitive functioning among diabetics should be emphasized. The patients with and without cognitive functions impairment should be provided with accurate control and appropriate diabetic treatment [25] . Thanks to it the intensification of cognitive impairment will be stopped and probably the patients will be longer independent. What is more the examination of cognitive functions effectiveness may become one of the diabetes compensation indexes [20, 49] .
Results limitation
A wide range of patients' age which may be the limitation in the interpretation of the obtained results.
Conclusions
There is the correlation between some clinical 1.
features among diabetic patients and cognitive functions.
Negative influence on cognitive functions have: a 2.
higher level of total cholesterol, a higher level of LDL cholesterol and lower level of HDL cholesterol concentration in the blood, a higher level of glucose after meals, a higher level of basic insulin dose and insulin dose taken just before the examination, longer duration of the diabetes and a lot of hypoglycemic episodes.
There is not any influence on cognitive functions 3.
from: a glucose level before meals, the type of the insulin therapy and number of hyperglycemic episodes, value rate of hemoglobin HbA1 C.
